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Optimization of Solid-phase Extraction Conditions for Ethinylestradiol in

Aquaculture Water by Response Surface Method

SHEN Lu-yao, PENG Zi-ran " ,

HE Wen-hui

(College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China)

Abstract; On the basis of single factor experiment and Plackett-Burman design, the solid phase extraction

conditions for ethinylestradiol (EE2) in aquaculture water were optimized by response surface method ( Box-Be-

hnken Design). The results showed that the volume and composition of the eluant, the volume of the leacheate

were the three main factors affecting the recoveries of EE2 extraction. The optimum conditions of SPE were as

follows: pH value of water sample was 3, the injection flow rate was 3.0 mL/min, the leacheate was methanol

solution of 10% volume fraction, the leacheate volume was 7.0 mL, the eluent was ethyl acetate-n-hexane mixed

solution ( volume ratio 9:1) ,

aquaculture water samples were 81.6% ~86.7% .

the eluent volume was 12.0 mL. Under these conditions, the recoveries of EE2 in
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By HELC —20A 7Y w5 FOBUR 6385 A, B 52 4 K
%% s Inertsil ODS =3 (5 wm,4.6 mm x 250 mm) {%
AT ; Visiprep DL SPE [ A £ iU k¢ & s kep — ¢ i 30
7% ; Oasis HLB(6 mL,500 mg) [# #H %< B A+ ; PHBJ -
260 %I pH it; QYN100 — 2 %I % " {¢ ; KQ — 300DE
AU P TE VE 4 s SAS 9. 4 it o At .

R RS A o A (SEREE 99. 5% ), Hh B 24
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Y5
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fic il EE2 R 5.00 we/L fA#A 4l /K 8% 57 58 K i
FroK KE , F2 58 K I i 28 0. 45 wm B 55 2F 4k 3k p
g, B 6 mL FIEE 6 mL 4l 7K 3% £k [ AH 2
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WCARAE W T, W B R T S B AR D,
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1.3 &Ae &k &0

K H Inertsil ODS -3 B384 k1R 20 °C , %8
HMEGIIER I 210 nm, SR I - KR AR
(AR R 1:1), i 1.0 mL/min, 3 A & FHLS
10 pL,

2 HR51®
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H b E T v T O TC RS 0. 05 mg/L
0.50 mg/L, 1.00 mg/L,3.00 mg/L,5.00 mg/L,
8.00 mg/L WbRifE RS, E 1.3 N, DL
gV E DA R AR B, X ) 0 TET AR M 7 L DA N A R
HlbruE M 2. 458 EE2 XN X R R
U AR ECN 0.999 8,
2.2 FEEARBLERE S

EE2 Jitn ¥4 5.00 pe/L, & 3 4147, 4%
PR 22 118 7K P2 B A7 B0 PR 22 30 BT 45 [l i 3 ¢
K HETT . B X KR pH E TR ST,
TR v W AN 2 K A 15 K A pH A, B 3.0 mL/min 1y
fEE A, ERESEEE 5. 0 mL 2l K kTR, 5
oK RE Bk Ve, s KN T,
10. 0 mL Z /& Z B Ve H AR .

53 1% B4R 4l K M ARFE pH (Bl 3.5.7.9 B
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FEIEAKIMBRAE pH (EAE 2.3 .5 B [l i 3%, 25 5124
pH {H % 3 i} EE2 iy [nl il 58w, pH {E 4 2 B EE2
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7 P - BRI &, DL EE2 W AHAE B U (Y) H
i 1oy A, X B PR R i 6 AR E AT H L, P -

B g g5 R 0L 1, i 5 AN S (B H
1.J.K), DA gk 22 . 2 £ o0 [l 345§ fiL 5 22 4y
B, P - B 3K 50 1 P2 A it BUK P58 B X
EE2 [& A1 2 B[] i 26 1) 5% i 2. 3% (P = 0. 018 5) , 1
FEZR BN 0.906 2, o] 947 %5, He v 3k M e 1A R X
EE2 [ AH 2 B 5 57 4 8 & 2w (P =0.001 7)),
Ve AL ( 2R TR - 1 O b ) X [ i R AT b 3%
M (P=0.032 7). 7KFE pH {3 FE 38R ik Uk
B — ZK) I 0 VAR LK [l s 23R 1 52 i) A
% P H 4%k 0.995 9.0.872 8.0.411 1 Al
0.287 5,

®1 P-BigitilBER
Table 1  Experimental results of P — B design
A B C D F G E H I J K Y
s ke dRREE g, MUERE g TRROM i ar
pHME (mL - min~") R V/mL LREEBUN V/mL /%
o/ % o/ %

1 3 2.0 10 5.0 80 12.0 -1 1 1 -1 1 81.4
2 3 3.0 5 9.0 80 8.0 -1 1 1 T -1 57.8
3 2 3.0 10 5.0 80 8.0 1 -1 1 1 1 61.4
4 3 2.0 10 9.0 100 8.0 -1 -1 -1 1 1 73.8
5 3 3.0 5 9.0 80 12.0 1 -1 -1 -1 1 81.4
6 3 3.0 10 5.0 100 8.0 1 1 -1 -1 -1 67.9
7 2 3.0 10 9.0 100 12.0 -1 -1 1 -1 -1 84.7
8 2 2.0 10 9.0 80 12.0 1 1 -1 1 -1 82.5
9 2 2.0 5 9.0 100 8.0 1 1 1 -1 1 74.2
10 3 2.0 5 5.0 100 12.0 1 -1 1 1 -1 81.1
11 2 3.0 5 5.0 100 12.0 -1 1 -1 1 1 88.7
12 2 2.0 5 5.0 80 8.0 -1 -1 -1 -1 -1 52.0

2.4 Box — Behnken & it X4 R 5 547
TEIBOM R AR AR (X, ) BRI (X, ) R 0 W 14
FU(X,) S A AE & EE2 [ A BRI (V) by e
{E 4T Box — Behnken 0 i [ 43 BT o o Ath [ 4H 25 5
S A SR B DR 2R A i 8 e A 45 1 < KRR pH R
3,#FFETLE Y 3.0 mL/min, K B8 AR B 43 E ok
10% 1) BEK W . Box — Behnken #1145 K& 45
RUWE2,
PR 2 s AT 2 oC B LA, 15 3] EE2
[ AH A% R[] % (V) 5 bk R AR B (X, ) T TR
(X,) JWEBEW AR (X)) 1 =J8 ik 2 Hi X [l 4
TR
Y= —1214 +13.28X, +18.53X, +69.52X, -
0.706X,> + 0.031X,X, - 0.068X,"> -
0.5X,X, —0.544X,X, —0.594X,°
Z N H R — R I X, X, FIAE B0 X, x X, 1Y
50 —

& 2 Box — Behnken iZitiX I & R
Table 2 Experimental results of Box-Behnken design

Poe) X, /mL X,/ % X,/ml Y/ %
1 5.0 80 10.0 70.3
2 5.0 100 10.0 91.1
3 9.0 80 10.0 72.6
4 9.0 100 10.0 95.9
5 7.0 80 8.0 48.9
6 7.0 80 10.0 96. 0
7 7.0 100 8.0 91.6
8 7.0 100 12.0 95.2
9 5.0 90 8.0 73.7
10 9.0 90 8.0 83.8
11 5.0 90 12.0 94.0
12 9.0 90 12.0 96. 1
13 7.0 90 10.0 89.3
14 7.0 90 10.0 94. 4
15 7.0 90 10.0 92.6
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2 SUIAMIF-J7 T A RS 2R 003 53 0.710 3.0. 189 6
F1°0.077 7, F B30 B 1 [0] 9 F 2R LR R . B
BRI P AP E 2 K73 5 09 0.001 3 F10.977 5,
Wi I TR 8 2 LAY s A RS R Il A
P ATIR RIS Ve vl i iR IS 1R T N3
(P=0.3243),

W 7. T 41 789 i 3 1T 9 45 0 57 THT ) 3E A 4
LR U AR M A 0 A A A R 2 AR
3.

HIZE 3 Al YR AR | R EE2 [B A %
Il 5 2R A S 100, FLUS 5 5 Ak by X, =
7.07,X,=89.95,X, =12.00, LM EE2 [# A0

2 B RS 236 1) e AR A 3R A R R FR 7. 07 mL
W ( LR TR - IEC k) LR & TR iR R4 B0
89.95% V&ML WAL 12. 00 mL,
2.5 kAR

B D AT (4 < i T o 1 O L= e (7 R (o
B LA R DR IARFR R 7.0 mL PRI R &
TR Mg - IEC ke (B LE R 90 1) | 3k i ik 1A FRL >
12,0 mL, by [5 AH 26 B 2% 14 SRk A5 R 223000 T 15
FAESA . AR TV X5 IR B K FE AR A [a]
Wik, R EE2 46 0. 50 pe/L 1. 00 pg/L.
5.00 wg/L 3 A5 e FE KR /9 b [l e =2
81.6% ~86.7% , 54 HiAH LA 10% A= 47 1y $i&
L IR B TR RCR .

®3 MEERKKEEDHTER

Table 3 Ridge analysis results by maximum response surface

G iy 2 A2 A 11 i b i iR 2 X, X, X,
0 92.1 1.97 7. 00 90. 00 10. 00
0.1 93.5 1.96 7.03 90. 69 10. 14
0.2 94.7 1.95 7.07 91.32 10. 29
0.3 95.8 1.92 7.11 91. 84 10. 46
0.4 96. 6 1. 89 7.15 92.20 10. 65
0.5 97.3 1.85 7.18 92.28 10. 87
0.6 97.9 1.84 7.19 92. 06 11.11
0.7 98.5 1.84 7.17 91.61 11.35
0.8 99.0 1. 89 7.15 91.10 11.58
0.9 99. 6 1.99 7.11 90. 52 11.79
1 100 2.15 7.07 89.95 12.00

3 4#iE Ul RS AR A AR )] A,

ZPNRLE P - B Bl 5 Al Box - Be-
hnken M 1 [ V515 3 3% G K44 EE2. (14 f A [ A7 %%
WOORA KR pH (B 3, BERE L EE 9 3.0 mL/min,
VW R AR 03 B Ry 10% 118 P 1t 7KV WL, T 0 YR AR
7.0 mL, Ve W R O 1R CBR - 1E C iR & 7 W
(AR 90 1) PR AR 12.0 mLo %4 F
FrRBE K B EE2 [ AR A B ] R O 81.6% ~
86. 7% o Wi W7 TAI v AT IS AHAC RO A AL AL , 4
PR KRR R E AR B4 T AR AE BRI R A — 2 1
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